ABSTRACT In making general recommendations for amino acids, researchers might survey various published data on the responses of poultry to amino acids. In this way, the use of appropriate mathematical and statistical approaches may help researchers draw appropriate conclusions. The purpose of this study was to develop artificial neural network (ANN)-based models to analyze data on the responses of broiler chickens [ADG and feed conversion ratio (FCR)] to protein and threonine from 21 to 42 d of age. A data set containing 92 doseresponse treatments was extracted from the literature, compiled, and entered into the training and testing sets of the ANN models. The constructed models were subjected to a process of sensitivity analysis to evaluate the relative importance of the effects of dietary protein and threonine on ADG and FCR. Optimal values for the input variables (protein and threonine requirements) to maximize ADG and minimize FCR in birds were obtained by using the ANN models with an optimization algorithm. Based on the calculated goodness of fit criteria, it appeared that the platform of ANNbased models with the sensitivity analysis and optimization algorithms was an efficient tool for integrating published data on the responses of broiler chickens to threonine. The analyses of ANN models for ADG and FCR based on the compiled data set suggested that the dietary protein concentration was more important than the threonine concentration. The optimization algorithm revealed that diets containing 18.69% protein and 0.73% threonine could lead to optimal ADG, whereas the optimal FCR could be achieved with diets containing 18.71% protein and 0.75% threonine.
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INTRODUCTION
A great volume of information exists on the amino acid (AA) requirements of broiler chickens, especially for threonine. The availability of synthetic threonine has encouraged more recent research on threonine requirements. Some factors, including dietary protein content, age, strain, sex, and the applied response model, may influence estimates of the threonine requirement. The level of dietary protein is the most important factor affecting the responses of chickens to threonine. The relationship between the threonine requirement and dietary protein concentration has been reported (Barkley and Wallis, 2001) . Threonine has been reported as the third limiting AA for poultry (Kidd and Kerr, 1996; Kidd, 2000) , without any mathematical or statistical evaluations of published values. In making general recommendations for AA, researchers may survey several published experiments on the responses of poultry to AA (Boorman and Burgess, 1986) . Although the description and optimization of performance from the dietary protein concentration and AA content is still controversial, several approaches, such as a GLM (Pesti, 2009), polynomial linear regression (Dozier et al., 2008) , nonlinear mathematical models (Rosa and Pesti, 2001) , and restricted maximum likelihood (Barkley and Wallis, 2001) , have been used to describe the responses to AA. The problem of optimization is partly due to the nonlinearity of growth responses to dietary nutrients (MacLeod, 2000) . In recent years, the soft-computing method of an artificial neural network (ANN) has been applied in the field of poultry nutrition (Ahmadi et al., 2007 (Ahmadi et al., , 2008 Ahmadi and Golian, 2010) . The ANN is a mathematical model based on biological neural networks that provide a nonlinear data-mining tool for modeling complex relationships between inputs and outputs in a database (Dayhoff and DeLeo, 2001) . The objectives of this study were 1) to develop ANN-based models to analyze the published data on the responses of broiler chickens to protein and threonine from 21 to 42 d of age; 2) to apply the developed ANN model to
